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ABSTRACT 
The objective of this study was to test antagonistic bacteria for their ability to control Fusarium 
solani damping-off disease of tomato (Lycopersicon lycopersicum L.). Antagonistic bacteria were 
isolated from spent mushroom compost (SMC) of Pleurotus spp. for the pathogenic fungi, 
Fusarium solani. Thirteen species were tested for the ability to inhibit Fusarium solani by dual 
culture on PDA plates. Bacillus subtilis subsp. subtilis showed high inhibition of mycelium of 
Fusarium solani obtained 53.33% until 35 days and then were selected to be further tested in green 
house conditions. Spore suspension of Fusarium solani (108 spore/ml) were mixed with soil while 
tomato seeds were soaked in a cell suspension of Bacillus subtilis subsp. subtilis (109 cfu/ml) for 30 
min before planting. The experiment used Completely Randomized Design (CRD). The percentages 
of seed germination and incidence of damping-off compared across 4 treatments; Fusarium solani + 
Bacillus subtilis subsp. subtilis, Fusarium solani + carbendazim (fungicide), Fusarium solani 
(disease control) and healthy plant control. The results showed that efficacy was not significantly 
different. Bacillus subtilis subsp. subtilis effectively controlled the damping-off on tomato by 
obtained 75% of germination. Whereas, use of Fusarium solani + carbendazim and healthy plant 
control were obtained 90% and 95%, respectively. 
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1. INTRODUCTION 
Tomato (Lycopersicon lycopersicum L.) is an economically important crop in the tropics. In 
Thailand, tomato is one of the important crops. Mostly it is produced for industrial, cooking 
material, and foods. The production of tomato in 2016 was 118,650 tons with estimated area 36,444 
rai (Office of Agriculture Economics 2018). However, there are many of fungal diseases that can 
reduce the yield of tomato production such as damping-off, late blight, Fusarium wilt, Alternaria 
stem canker, and black root rot. Damping-off disease is one of the diseases that attacks tomato 
plants and, it has occurred on both pre-emergence and post-emergence. The most common 
pathogens that cause this disease are Pythium, Phytophthora, Rhizoctonia, Sclerotium and Fusarium 
sp. The disease is spread through water, air and infected soil. 
Spent mushroom compost (SMC) of oyster mushroom (Pleurotus spp.) has been reported 
to contain diverse microorganism including fluorescent pseudomonas, Trichoderma spp., Bacillus 
spp., Penicillum spp., and Aspergillus terrus (Adedeji and Modupe 2016; Seephueak et al. 2016). 
Especially, the use of bacteria to control plants diseases also can promote plant growth, plant 
nutrition, and facilitating interaction between the host plant and other beneficial organisms (Antoun 
and Prevost 2006). Some of the antagonistic bacteria are reported to control various plant diseases 
such as Bacillus spp., Pseudomonas spp. and Streptomyces spp. Therefore, the objective of this 
study is to test the antagonistic bacteria from SMC for controlling damping-off disease cause by 
Fusarium solani in tomato.  
 
2. MATERIAL AND METHODS 
2.1 Testing of antagonistic bacteria from spent mushroom compost 
The SMC of Pleurotus sp. were collected from mushroom farms in Nakhon Si Thammarat, 
Patthalung, Songkhla, Suratthani and Trang Province, all in southern Thailand. Isolation of bacterial 
was done with dilution pour plate technique on nutrient agar (NA). The sample were incubated at 
room temperature (28-32 °C) for 1-3 days and then examined for bacterial growth. Colonies of 
bacteria were selected by difference morphology and maintained at 4 °C for further use. The culture 
was identified based on 16S rDNA sequencing at Biotech Thailand. 
2.2 Isolation of F. solani  
In this study, F. solani was isolated from soil and root of tomato which was affected by damping-
off disease and pathogenicity tested that virulence strain. It was confirmed by ITS rDNA 
sequencing at Biotech Thailand. 
2.3 Efficiency of antagonistic bacteria for control F. solani by dual culture 
Selection of high effective of bacteria to inhibit the growth rate of F. solani, dual culture technique 
was performed by using Completely Randomized Design (CRD) (Soytong 1992). The data was 
observed through the percentage of inhibition of bacteria to fungal growth every 7 days at room 
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temperature (28-32˚C). The method of data collection used formula Percent Inhibition of Radial 
Growth (PIRG). 
% PIRG = [(R1 – R2)/ R1] × 100 
Where, R1 corresponds to colony diameter of the pathogen in control plates, and R2 represents the 
colony diameter of the pathogen in treated plates. In both tests, controls were pathogen cultures 
without antagonistic bacteria, respectively (Charoenporn et al. 2010). 
2.4 Evaluation of antagonistic bacteria for control F. solani in green house conditions 
2.4.1 Preparation of fungal and bacterial suspension 
F. solani were maintained on PDA plates, within 7 days. Heamacytometer was used to prepare 1 x 
108 spore/ml of suspension. Plastic bag (10 cm diameter; 10 cm height) were filled with 500 g of 
soil sterilized (soil : manure : perlite 1:1:1 w/w/w), mixed with 5 ml of F. solani spore suspensions. 
After 24 hours of incubation, 10 g of tomato seeds were surface-disinfected for 10 min in 5% 
sodium hypochlorite solution and washed 2 times in sterilized distilled water, and air dried. Then, 
seeds were soaked for 30 min in 2.5 ml of a 109 cfu/ml aqueous cell suspension of antagonistic 
bacteria. Seeds were inoculated and placed into the mixture surface in each plastic bag. The 
experiment was designed in Completely Randomized Design (CRD) with 4 treatments and 4 
replicates (each replicate was 5 seeds) as the followings: 
Treatment 1 : F. solani + antagonistic bacteria 
Treatment 2 : F. solani + carbendazim 
Treatment 3 : F. solani (disease control) 
Treatment 4 : Healthy plant (control check)   
The plastic bags were stored in a nursery house. Damping-off disease was determined by counting 
the total healthy stand at 10, 20 and 30 days, and percentage of germination were compared with 
healthy control. Shoot length, root length, total seedling length, fresh and dry weights were recorded 
at 30 days after inoculation. The various treatments were imposed on tomato seedling.  
Percent germination (%PG) = Number of seeds geminated/Total number of seeds sown x 100 
 
3. RESULT  
3.1 Effectiveness of antagonistic bacteria for inhibiting mycelium of F. solani 
Thirteen isolates of antagonistic bacteria were screened from spent Pleurotus mushroom had 
effective for control F. solani by dual culture technique. Sequencing of 16S rDNA and comparison 
with GenBank database of sequence revealed that 6 genera including Bacillus (6 species,) 
Pseudomonas (3 species) and Chryseobactrium, Ochrobactrum, Paraburkholderia and Serratia 
(Table 1). Two species, Bacillus subtilis subsp. subtilis and Bacillus sp. 001 had high efficacy to 
inhibit mycelium growth of F. solani until 35 days were: 53.33 and 40.73%, respectively. Bs. subsp. 
subtilis was selected for further study in green house conditions.  
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Table 5: The Percentage of mycelial F. solani were inhibited by antagonistic bacteria 
Antagonistic bacteria 
% inhibition of mycelial growth 
7 Days 14 
Days 
21 
Days 
28 
Days 
35 
Days 
1. Bacillus aryabhattai 3.60 1.79    
2. Bacillus sp. 001 64.29 62.39 47.20 45.40 40.73 
3. Bacillus sp. 003 4.71     
4. Bacillus subtilis subsp. 
inaquosorum 
5.14 
  
  
5. Bacillus subtilis subsp. subtilis         68.80 60.90 56.11 53.61 53.33 
6. Bacillus teguilensis 3.54     
7. Chryseobactrium gleum 10.01     
8. Ochrobactrum haematophilum           3.19 1.82    
9. Paraburkholderia kururiensis 4.08 1.81    
10. Pseudomonas aeruginosa 4.27     
11. Pseudomonas oryzihabitans 2.42     
12. Pseudomonas psychrotolerans         
10.00 1.82  
  
13. Serratia sp. 3.19 1.79    
3.2 Evaluation of antagonistic bacteria for control F. solani in green house 
3.2.1 Percentage of germination 
The germination of tomato seeds was 50 to 95%. Healthy plant control showed the highest 
germination of 95% following use of F. solani + carberdazim and F. solani + Bs. subsp. subtilis 
were 90% and 75%. Whereas, disease control (F. solani) showed the lowest germination was 50%, 
were highly significant differences (<0.01) (Table 2).   
3.2.2 Shoot length  
The use of F. solani + Bs. subsp. subtilis resulted in a maximum shoot length of 15.25 cm. followed 
by the use of F. solani (disease control) obtained 15.18 cm. Use of carbendazim and healthy plant 
control the shoot length obtained 12.69 cm., were not statistical significantly different (Table 3). 
3.2.3 Root length  
The root length of tomato seedlings showed a statistically significant difference (P<0.05). The use 
of F. solani + Bs. subsp. subtilis showed that the highest of root length was 12.17 cm followed by 
the healthy plants, F. solani + carbendazim and F. solani (disease control) were 10.16, 8.25 and 
6.50 cm, respectively (Table 3).  
3.2.4 Fresh weight  
The fresh weight of tomato seedlings showed a statistically significant difference (P<0.05). The use 
of F. solani + Bs. subsp. subtilis showed the highest fresh weigh obtained 6.18 g followed by use of 
F. solani (disease control), healthy plants and F. solani + carbendazim were 5.57, 4.05 and 2.63 g, 
respectively (Table 3).  
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3.2.5 Dry weight 
The dry weight of tomato seedlings showed a statistically significant difference (P<0.05). The use 
of F. solani + Bs. subsp. subtilis showed the highest of dry weight obtained 0.73 g followed by the 
healthy plants, F. solani (disease control) and F. solani + carbendazim were obtained 0.41, 0.36 and 
0.26 g, respectively (Table 3).   
 
Table 2 : The percentage of germination, pre and post emergence disease of damping-off 
Treatment Germination (%) 
Pre-emergence 
damping-off 
(%) 
Post-emergence damping-off 
(%) 
10 days  20 days 30 days 
1. F. solani + Bs.subsp. subtilis 75 a 25 b 20 25 ab 25 b 
2. F. solani + carbendazim 90 a 10 b 10 10 b 10 b 
3. F. solani (disease control) 50 b 50 a 15 45 a 50 a 
4. Healthy plant (control check) 95 a 5 b 5 5 b 5 b 
C.V. (%) 20.40 20.40 117.76 82.63 70.27 
Significant ** ** Ns * ** 
* Means within a column followed by same letter are not significantly different (P<0.05) by 
DMRT. 
** Means within a column followed by same letter are not significantly different (P<0.01) by 
DMRT. 
ns Means within a column are not statistical significantly different. 
 
Table 3 : Shoot height, root length, fresh and dry weight of tomato seedling at 30 days of  
   inoculation 
Treatment 
Shoot 
height 
(cm) 
Root 
length 
(cm) 
Fresh weight (g) Dry weight (g) 
Shoot 
+Root Root Shoot 
Shoot 
+Root Root Shoot 
1. F. solani +   
Bs.subsp. 
subtilis 
15.25 12.17 a 6.18 a 1.49 a 4.69 a 0.73 a 0.13 a 0.60 a 
2. F. solani + 
carbendazim 
12.69 8.25 ab 
 
2.63 b 0.45 b 2.18 b 0.26 b 0.04 b 0.22 b 
3. F. solani 
(control) 
15.18 6.50 b 5.57 a 1.12 
ab 
4.45 a 0.36 b 0.07 b 0.29 b 
4. Healthy plant     12.69 
(control check) 
10.16 ab 4.05 
ab 
0.93 
ab 
3.12 ab 0.41 b 0.10 ab 0.32 b 
C.V. (%) 28.26 27.65 34.99 33.68 34.25 39.76 44.08 42.27 
Significant Ns * * ** * * * * 
* Means within a column followed by same letter are not significantly different (P<0.05) by 
DMRT. 
** Means within a column followed by same letter are not significantly different (P<0.01) by 
DMRT. 
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ns Means within a column are not statistical significantly different. 
 
4. DISCUSSION 
Biopesticides are well known to be the most successful natural enemies of plant diseases 
especially on entophytic bacteria. They are friendly to the environment and act as important factor 
to promote the growth of the plant (Reva et al. 2004). The use of bacteria to control plant diseases 
has been recommended for several crops to achieve minimum usage of chemical herbicide. In the 
results, the control of damping-off disease caused by F. solani by antagonistic bacteria from SMC 
of Pleurotus mushroom substrate was effective to inhibited mycelium growth in vitro. The best, Bs. 
subsp. subtilis could reduce damping-off disease in seedling stages of tomato when compared with 
disease control in green house condition. Previous studies reported that the spent mushroom 
compost had many bacteria  found in it such as Bacillus polymyxa, B. licheniformis, B. subtilis, B. 
cereus, Citrobacter freundii, Clostridium perfringens, Chryseobactrium, Enterobacter aerogenes, 
Enterobacter sp., Escherichia coli, Klelosiella sp., Micrococcus roseus, M. roseus, Microbacterium 
sp., Ochrobactrium, Pseudomonas aeruginosa P. mevalonii, Paenibacillus lentimorbus, Serratia, 
Sphingobacterium multivorum, Stenotrophomonas sp. and Xanthomonas sp. (Gbolagade 2006; 
Watabe et al. 2014; Seephueak et al. 2016). According to this research there were found 13 species 
from spent compost of Pleurotus including 6 species of Bacillus, 3 species of Pseudomonas and one 
species of Chyryseobactrium, Ochrobactrum, Paraburkholderia and Serratia. All of them can 
inhibit mycelium growth of F. solani.  
Idriss et al. (2002); Welbaum et al. (2004) have reported that Bacillus is plant growth 
promoting bacteria (PGPB), it can competitively colonize plant root, promote plant growth, and 
reduce plant disease. PGPB could also promote plant growth by suppressing plant pathogens 
indirectly via producing antibiotics, siderophores and fungal cell wall-lysing enzyme. Most of the 
studies were devoted to describing a great diversity of lipopeptides from B. subtilis with high 
efficiency and direct effect on plant pathogens via Iturin, Fengycin, Bacillomycin, Surfactin, 
Bacillomycin and Mycosubtilin (Fira et al. 2018). According to this study tomato seedling treated 
with Bs. subsp. subtilis showed the highest shoot height and root length were 15.25 cm. and 12.17 
cm. Disease control shoot height and root length were 15.18 cm and 6.50 cm. Moreover, the use of 
Bs. subsp. subtilis diseased plants was 25% which was lower than disease control 50%.   
In the experiment, Bs. subsp. subtilis were successfully shown to control damping-off 
diseases of tomato caused by F. solani. According to previous research Szczech and Shoda (2004); 
Recep et al. (2009); Cawoy et al. (2011); Zhang et al. (2011); Kumar et al. (2013) B. subtilis was 
effective to control various plant diseases e.g. tomato, chilli, cucumber and potato. B. subtilis 
showed very strong antifungal activity against phytopathogens such as damping-off of tomato   (R. 
solani) (Kondoh et al. 2000; 2001; Kita et al. 2005; Fira et al. 2018), Pythium aphanidermatum 
(Leclere et al. 2005), bean (P. ultimum) (Ongen et al. 2005), cotton (R. solani) (Guo et al. 2014), 
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fusarium wilt of tomato and cucumber (Fusarium oxysporum), bacterial leaf spot (Xanthomonas 
campestris pv. cucurbitae) (Zeriouh et al. 2011), citrus canker (Xanthomonas campestris pv. 
campestris) (Etchegaray et al. 2008), walnut blight (X. campestris), fire blight (Erwinia amylovora), 
anthracnose of fruits and vegetables (Colletotrichum gloeosporiodes, Gloeosporium 
gloeosporiodes, Sclerotium roffsii) (Cho et al. 2003; Thasana et al. 2010).  
 
5.CONCLUSIONS 
This study indicates that seed treatment with Bs. subsp. subtilis was effective for increasing the 
germination percentages obtained 75% when compared with F. solani (disease control) was 50%. 
Moreover, shoot height, root length, total of fresh and dry weight tended to be higher than with 
treatments obtained 15.25 cm., 12.17 cm., 6.18 g and 0.73 g, respectively. 
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